The Polytechnic Museum of Moscow keeps a device that has a direct relation to travel and "around the world" and "in mathematics." This is a standing Chebyshev machine (the plantigrade machine), which converts rotational motion into translational motion -see Fig. 1 . But only our great compatriot began to apply higher mathematics for the design of such devices. We can say that Chebyshev saddled this "wooden horse" and made a trip to the World of Mathematics [1] . Let's do it [2, 3] . At us, we repeat, there can be no special mathematical talents and corresponding mathematical formation. But we have at hand a computer with a mathematical program Mathcad. We will solve the problem in a hybrid way [4] -using both analytical transformations (computer symbol mathematics) and numerical (approximate) methods of solution.
A little about numeric mathematic.
At present, numerical mathematics supplants symbolic mathematics, the mathematics of analytical evaluations in solving not only purely practical problems, but also the objectives of the curriculum.
"Culprits" of this process are computers. A vivid concrete example. If we want to embody our standing machine in metal or wood (see Figure 1) , then we will have to calculate not only its geometry (see Figure   2 and other figures below), but also the shape and dimensions (profiles) of its parts. They should be strong enough that the machine does not break when walking, but not too massive, so that the machine was easy on the move. Calculations of this kind are conducted within the framework of the scientific discipline "Strength of materials". Previously, Russian students of technical universities even had such a saying: "I passed the exam on Strength of materials and can marry!". The fact is that this academic subject was very difficult to master because it was overloaded with complex empirical formulas, difficult for both understanding and for simple mechanical memorization. There was a special "terrible" formula or set of formulas for each concrete case of calculating the structural strength. Now, the finite element method (FEM) makes it possible to break a detail of any complexity into individual small (finite) elements, to the calculation of which fairly simple and understandable formulas are applied. This work became possible only after the appearance of high-speed computers with the corresponding programs. Such a revolutionary shift from analytical transformations to numerical computer calculations has affected other scientific disciplines -hydrodynamics, heat and mass transfer, etc., difficult for both understanding and simple mechanical memorization.
The essence of the calculation of a standing machine is the following: it is necessary to calculate the lengths of the links L01, L03, L12 и L04, as well as the height h for a given value of the radius r so that point 4 on the lower part of its trajectory moves almost along a straight horizontal line, and a standing machine with such a central node would go as far as possible without vertical vibrations. . The value of the angle α of turning the link 2-3 is tied to the system variable FRAME, which will change from 0 to 360 and fix the frames of the animation, which we will create later. When debugging the calculation around the graph (a separate animation frame) with the image of our node (see below), we will write the FRAME statement 30, for example, (global assignment) and see the geometry of the node when turning the lever 2-3 to 30 degrees.
When creating an animation, this operator will need to be disabled so that the Mathcad package can create an animation [2] . The package itself will change the value of the variable FRAME and store the animation frames in the avi container.
Points 1 and 2, we repeat, are fixed, and points 0, 3 and 4 are mobile. Their coordinates are given in the form of functions with names x0, y0, x3, y3, x4 and y4 with arguments α, r, L12, L03, L01 и L04. Working with functions, rather than with the same scalar values, allows us, firstly, to create graphs and animations with the drawing of the trajectories of all points 3 and, secondly, to carry out optimization -to find the optimal lengths of links L12, L03, L01 и L04, as well as the heights h, which ensure the maximum rectilinear motion of the standing machine -movement without "jerks". These equations were solved symbolically in a separate Mathcad-sheet (it is also stored on the article's website) . The system of equations has two roots, one of which was transferred to the sheet in Fig. 3 and formed functions with names х0 and y0. The second extra root captures the geometry of the linkage shown in Fig. 2 , when point 0 is not higher, but lower than points 1 and 3. These roots (algebraic expressions) are very voluminous: in Fig. 3 shows only their beginss 4 .
The point 4 is on a straight line passing through points 0 and 3. To determine the coordinates of the point 4, use the equation of the straight line y = a + b • x, whose coefficients a and b are also symbolically determined in a separate document through the solution of a system of two algebraic equations and carried over in the document in Fig. 3 . This Mathcad-sheet is also posted on the article's website.
After the coordinates of all five points of our kinematic scheme have been specified or calculated, it is easy to display it on the graph -see Fig. 4 . On the lower part of the "mushroom cap" (Fig. 4) , points are marked that mark the rotation of the Figure 6 shows that the values of variables L03, L01 and L04 after optimization became almost equal to each other. The conclusion is that they are in fact equal, and that Chebyshev has proved this analytically long ago. So the number of independent parameters of our optimization problem can be reduced from five to three. This reduction is important for manual analytical calculations. Today, when we increasingly solve similar problems on the computer, this optimizing optimization goes to the background.
The Figure On a standing car you can travel not only to the world of science (mathematics and mechanics -see above), but also to the world of... art, without having the appropriate talents. And with the advent of computers, in particular computer graphics, new forms of visual art emerged, accessible to the same "broad masses of working people". We will propose one more form of fine art connected with our kinematic devices!
The Figure 8 shows how the two links (arms) pivotally mounted at one end at points 1 and 2, and revolving around these points, moving the lever the other three (one of which slides in a bearing 3)... and draw a face funny. It is possible to change the parameters of this kinematic linkage and ... make the face look more cute or more amusing... The number of levers that rotate around points can be increased, the radii of rotation, the speed of rotation, the lengths of the connected levers, and so on can be changed. But you can limit yourself to only two initial дштлы, but rotate them not only in a circle, but also in ... "square" -see Fig. 10 . 
